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LOW MAGNIFICATION MICROSCOPE
B OBJECI’IVE

BACKGROUND OF THE INVENTION
(a) Field of the invention

4 101 201

The present invention relates to a low magmﬁcatlon -

~ microscope objective and, more specifically, to an ob-

jective of achromat desrgned for magmﬁcatron x4 and- o
R 10

N.A. 0.1.
~ (b) Description of the prior art

~ An objective of achromat for magnlﬁcatton on the '_

order of x4, there have hitherto been offered lens sys-

~ tems consrstlng of two components of four elements

including ones having small radii of curvature on the 15

- lens surfaces. Lenses having such small radii of curva-

ture on their surfaces cannot be manufactured with high

productivity since it is impossible to arrange a large -

number of such lenses on a grinding support at a time.
- Further, the aforementioned objective consisting of two -

- components of four lens elements were not satisfactory -

in that they permitted mlcroscomc observatron of ﬂat__._- h

unage only wrthm narrow ranges

SUMMARY OF THE INVENTION

tion to provide an objective wherein radii of curvature. -

~ are selected at such degrees large as to assure high
productivity, various aberrations are. corrected favor-.; L SO
SR *3--0_.';_'set ona gnndlng support at a time. On. the other hand, .
- it is necessary, needless to say, to favorably correct';_. SR
‘coma for i improving flatness of image plane. When the
lens system is focused on the center of the image plane,
however, a flatter image plane can be obtained by cor- =~
recting meridional astlgmatlsm rather than reducmg-}_"'-'_f-?_.
'.-astlgmatrc difference. BN R R TITTE R AT PR L
~ On the basis of this fact the lens system accordrng to'[}'-- O

ably and flatness of i 1mage plane 1s nnproved
BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 shows a sectional vrew 111ustrat1ng composr; o

 tion of the objective accordtng to the present mventron 35 _'

~ FIG. 2A through FIG 2D show curves rllustratmg?.r
aberranon charactenstlcs of the lens system shown in:

and

" FIG. 1

DETAILED DESCRIPTION OF PREFERRED
o EMBODIMENTS

The ob_]ectwe lens system accordrng to the present -

- invention compnses as shown in FIG. 1, a first negative
cemented meniscus lens component consvstlng of a bi-
concave lens element L, and a biconvex lens element Ly o
and a second positive cemented lens component consist-
ing of a negative meniscus lens element L;and a bicon-
vex lens element L,. Further, the obj jective according to -

the present mventlon have the munerlcal data defined

below

f=1, NA =01 B=—3973 X

WD = 08434 _ _ -
| I'I—-—02703' - S
- d, = 00492  n, = 151633 v, =641
Iy = 1.0278 | - I L
_. ﬂdz s 00527..' B ) P = 1.71285 Uy = 43.4 |
1'_3-‘““-‘—0.5009-' | B
I d4 == 0 1230 oony = L78472° vy = 257
rg=  0.3562 e
T 4= 00735 n = 150378 v, =668 -
rg = — 0.7532 - - - S |

~ f overall focal length of the lens system as a whole .
N.A.: numerical aperture .. o

B: magnification
- W.D. workmg drstance

: --r, through rﬁ radn of curvature on respectwe lens sur- -

faces

d, through ds: thlcknesses of reSpectwe lens elementsf_:i.: o

‘and airspace therebetween

ny through ny: refractive. 1ndrces of' respectwe lens ele-— o

| IIlBl'ltS

--'vl through 7, Abbe’s numbers of respeetwe lens ele-'z--_ - N

- ments

- In such a lens systern compnsrng two groups of four
elements, it is necessary to design the first surface of the
- biconcave lens L, in the first component as a concave
- surface facing the object side and select a small radius -
- ryof curvature on said surface. However, such a small-_'f

- radius of curvature will unavordably lower productw- SRR
rty as is already described above. S
‘In the lens system accordlng to the present 1nventron, P
‘the radius of curvature 1, on the first surface is selected
‘at a relatively large level so that a large number of S
- lenses can be set on a grlndmg support at a time. . -
20 Though it is- impossible to correct spherical aberranon-._ | .i_f;j”.i:”
_f_sufﬁclently with such a first lens element, such: aberra- -
“tion is partially corrected by the second lens component
- in the lens system accordmg to the present invention.
R 25 _:_ Spealung concretely, radii of curvature rsand rsonboth

| ~ “ the surfaces of the negative meniscus lens L;and thick-
It 18 therefore a general object of the present tnven-_'?_.'

_f.ness d4 thereof are selected as deﬁned in the aforemen- - R
-tioned numerical data. Further, radii of curvature . r4,“_-_-_:' S
~rsand reare selected at such levels that astigmatism can
“be corrected without reducing number of lenses to be

' rnatrsrn more favorably in the merldlonal dlrectron than
in sagital direction.
~ As for chromatic aberratron, it is corrected as favor-' e
ably as possible by the first and second lens components - -
-' .irespectwely so that the entire objective can assure a -
minimum chromatic aberration. For achieving this pur-
‘pose, Abbe’s number is selected for each lens element as:

| _--'.:deﬁned in the preferred embodiments. -

_As is understood from the foregoing descrlptlons, the‘”_' B
lens system. according to the present invention is de- -~
5o Signed in such a way that respective lens surfaces have
7" radii of curvature large enough to permit arranging'a

large number of lenses on a grrndrng support at a time, B
-.and assure favorable correction of various aberrations =
in comblnatlon w1th 1mprovement in ﬂatness of the_-_'_-j[_ L

| '"*_'55)_:1n1age plane _

| clalm

1L Alow magmﬁcatron Ob_]eCthB compnsmg a ﬁrst*;-_f-
- negative cemented lens component havmg a concave - . .
- surface facing the object side and consisting of a bicon-
:_:cave lens element and a biconvex lens element, and a L
second posrtwe cemented lens component con31st1ng of

- a negative meniscus lens element and a biconvex lens

~.element, and sard objectwe hawng the followmg nu- :_

whereln the reference symbols represent as follows:_.j: R mencal data

=._02703 T4, 200492 my = 151633 1
= 1.0278 dz....-oosz? M= L7085 vy =434
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| wherem the reference symbol f represent the overall

' focal length of the ObJECthE as a whole, the reference

R (D

4 101 201

."AI,giein' | e

'.._symbols rl through e deSIgnate radu of curvature on
~_ respective lens surfaces, the reference symbols d; =
"'-fthreugh ds denete thtcknesses of reSpectwe lens ele-
7 ments and the airspace therebetween, the - reference
668 5 'symbols n, through n, represent refractive indices of =~
- respective lens elements and the reference symbols Vi
| -i_threugh v.,, des1gnate Abbe s numbers ef respectwe lensf RUETRREIR

elements | Co
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